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Satellite  Activities  of   NOAA,   1983 
Introduct  ion 


The  National    Oceanic  and  Atmospheric  Administration   (NOAA)  was 
established  within  the  United  States  Department  of  Commerce  in  1970.     The 
NOAA  mission  is  to  ensure  the  safety  of  the  general    public  and  improve  the 
quality  of   life  through   better  understanding  of  the  earth's  environment  and 
more  efficient  use  of   its  resources.      One  of  the  ways  this  mission  is 
accomplished   is  by  the  operation,  management,   and  improvement  of  the 
nation's  civil,  operational    environmental    satellite  systems.      Satellite 
data  are  used  to  assess  the  impact  of  natural    factors  and  human  activities 
on  global    food  and  fuel    supplies  and  on  environmental    quality.     The  data 
also  are  used  to  observe  and  forecast  weather  conditions,   issue  warnings  of 
severe  weather,  and  assist  community-preparedness  programs   for  weather- 
related  disasters;  to  prepare  charts  and  coastal   maps  and  for  geodetic 
research;  to  improve  assessment  and  conservation  of  marine  life;  to  meet 
the  needs   of  public  and  private  users,   including   scientists;  and   for 
research  to  improve  the  nation's  environmental    service.      NOAA  agencies  that 
participate  directly  in  aeronautics  and  space  programs  are:     The  National 
Environmental    Satellite,  Data,  and   Information  Service,  the  National 
Weather  Service,  the  National   Ocean  Service,  the  National   Marine  Fisheries 
Service,  and  the  Office  of  Oceanic  and  Atmospheric  Research. 

Space  Systems 

Satellite  Operations 

Polar  Orbiting  Sate!  lites.     At  the  end  of   1983,  the  operational, 
polar-orbiting  weather  satellites  were  N0AA-7  and  NOAA-8,  orbiting  the  earth 
about  the  poles   in  sun -synchronous  orbits  and  providing  environmental    obser- 
vations  of   the  entire  earth  four  times  each  day.      N0AA-7  crosses  the  Equator 
northward  at  2:30  p.m.   local    time,   and  NOAA-8  crosses  the  Equator  in  a   south- 
ward direction  at  about  7:30  a.m.   local    time.     These  satellites  carry  four 
primary   instruments:     The  Advanced   \Jery   High   Resolution  Radiometer  (AVHRR), 
the  TIROS  Operational    Vertical    Sounder  (TOVS),  the  ARGOS  Data  Collection 
and  Platform  Location  System   (DCLS),  and  the  Space  Environment  Monitor  (SEM), 

NOAA-8,  launched   in  March   1983,   is  the  first  in  a  series  of  new  Advanced 
TIROS-N  (ATN)  spacecraft  and  carries  additional    instruments  for  Search  and 
Rescue   Satellite  Aided  Tracking    (SARSAT).      NOAA-6,  the  former  operational 
morning-descending   spacecraft,  was  placed  on  standby  and  can  support  primary 
mission   requirements. 

"NOAA-Next".     Planning  was  completed   for  purchase  specifications   for 
a   NOAA-Next   series  of  low-altitude,   polar-orbiting  meteorological    spacecraft 
for  the  1990s.     Plans   include   installation  of  a  new  microwave   instrument  to 
make   improved  atmospheric  soundings  of  temperature  and  moisture,   in  cloudy 
as  well   as  cloud-free  areas,  and  to  monitor  precipitation  rates  worldwide. 
The  British  Meteorological    office  is  preparing  to  provide  a  major  component 
of  this  instrument  free  of  charge  to  the  United  States.     Changes  will  be 
made  in  the  "NOAA-Next"   imaging  sensor  to  improve   its  ability  to  record  the 
Earth's  surface  temperature,  locate  the  ocean's  thermal    boundaries,   and  to 
observe  the  status  of  crops,   ice,  and  areas  of  forest  fire  hazard. 


Geostationary   Satellites.     GOES-5  and   6  are  the  operational    satellites 
in  NOAA's  Geostationary  Operational    Environmental    Satellite  (GOES)   system. 
GOES-6  was  launched  on  April    28,   1983,  and  on  June  1  replaced  GOES-1 ,  which 
by  then  could  provide  only  visible   imagery.      In  orbit  at  about  35,000  km 
above  the  Equator,   GOES-6  is  at  135°  West  Longitude  and  GOES-5  is  at  75° 
West  Longitude.      Both  are  equipped  with  the  Visible   Infrared  Spin-Scan 
Radiometer   (VISSR)   Atmospheric  Sounder  (VAS). 

The  VAS  relays  traditional    images  of   the  Earth's   surface  and  cloud 
cover,   as  well   as  thermal    images  of  atmospheric  temperatures  and  the  water 
vapor  content  at  various  altitudes.      Its  12  infrared  channels   provide  tem- 
perature and  moisture  profiles   in  noncloudy  areas  at  a  much  higher  viewing 
frequency  than  with  balloon  soundings   or  polar-orbiting   satellites.      The 
GOES     5  and  6  operational    demonstration  program  so  far  indicates  that  the 
VAS  capabil  i  ty   is  excellent,   and  a  ground  system  is  being  developed  to  use 
VAS  data  to   improve   NOAA's  operational    weather  analysis  and  forecasting. 
GOES  satellites  also  carry  a  space  environment  monitor,  a  data-collection 
system,  and  a  weather-facsimile  broadcast  service.     Other  in-orbit  space- 
craft  (GOES-1 ,   2,  _3,  and  4)   remain  on  standby,  providing  limited  opera- 
tional   support  Tor  weather  facsimile  and  data  collection. 

"GOES- Next".     After  almost  2  years  of  joint  studies  by  a  NOAA-NASA 
team,  purchase  specifications  were  completed    (July   14,  1983)   for  the  next 
generation  of  GOES  satellites.      NASA,   acting   for  NOAA,  will   purchase 
"GOES-Next"   satellites   for  flight  during   the  1990s.      Improvements  include 
concurrent   imaging  and  atmospheric   sounding    (not  available  with  present 
GOES),  additional    information  for  atmospheric  movement  of  water  vapor,  and 
relocation  of  picture  elements  to  allow  better  calculation  of  winds   frcm 
images  showing  cloud  motions. 

Land  Satel  li  tes.     NOAA,  authorized  to  manage  a  civil    operational    land 
satellite  system  based  on  the  Landsat-D  and.  D'   satellites  constructed  by 
NASA,  assumed  operational    responsibility  for  the  first  of  these  satellites 
January   31,   1983.     NASA  had   launched   Landsat  D   (renamed   Landsat  4  after 
achieving   orbit),  on  July  16,   1982,  and  completed  the  operational    testing 
of  the  satellite  in  November.      NOAA  established  a  technical    staff  at 
Goddard  Space  Flight  Center  in  1982  to  manage  the  day-to-day  operation  of 
the  Landsat  4  system.     - 

Landsat  4's  operational    instrument,   the  Mult ispectral    Scanner  (MSS), 
measures   reflected   solar  radiation  over  four  bands  of  the  visible  and  near- 
infrared  wavelengths  at  80-meter  resolution.      Its  experimental    Thematic 
Mapper  (TM)  measures  radiation  over  six  bands   in  the  visible  and  near- 
infrared  wavelenghts  at  30-meter  resolution  and  one  band  in  the  thermal - 
infrared  wave-length  region  of   11  micrometers   at  120-meter  resolution. 
Data  are  distributed   through   a  NOAA  distribution  facility  operated  by 
the  Department  of  the  Interior's  Earth  Resources  Observation  System   (EROS) 
Data  Center  in  Sioux  Falls,   South  Dakota,  and  through  facilities  associated 
with  Landsat  ground  stations  operated  by  government  agencies   in  Argentina, 
Australia,  Brazil,  Canada,    India,  Japan,  South  Africa,  Thailand,  and  by 
the  European  Space  Agency 


During   1983,   NOAA  continued   its  agreement  with  the  EROS  Data  Center 
for  production,  distribution,  and  archiving  of   Landsat  products.      NOAA  had 
assumed  this  responsibility  in  October  1982,   including  data  products  from 
Landsat-1,   2,   and  _3.     The  products  are  sold  at  prices  designed  to  recover 
the  cost  of  operating  and  managing  the  Landsat  system. 

Satellite  Data  Services 

GOES- Tap.     Customers   of  the  GOES-Tap   system,  which  became  operational 
in  1975  to  disseminate  Weather  Satellite  images  over  telephone  circuits, 
continued  to  increase.     The  original    50  Weather  Service  Forecast  Office 
Taps  increased   by  the  end  of   1983  to  about  225  GOES  Taps. 

WEFAX.     The  GOES  Weather  Facsimile   (WEFAX)  broadcast  schedules  were 
expanded  on  all   operating   satellites  so  that  357  daily  broadcasts  are  made, 
including  satellite  imagery  sectors,  meteorological    analyses  and  prognosis, 
and  operational    and  ephemeris  messages.      Known   users   totaled   192,  92  of  them 
domestic  and  100  non-U. S.      In  June,  the  first  International    Direct  Broadcast 
Services  Users'    Conference  was  held  in  the  Washington,   D.C.  area.      There  were 
nearly  400  attendees,   including  representatives  frcm  several    foreign  meteorologi 
cal    agencies,  academia,   industry,  and  amateur  enthusiasts  interested  in 
WEFAX  and  other  direct   readout  services  provided  by   NOAA-operated   spacecraft. 

DCS.     The  GOES  Data  Collection  System   (DCS)   relays  almost  immediate 
environmental    data  from  remotely  located  data  collection  platforms.     At  the 
end  of  the  year  it  had  more  than  4,300  platforms,   an  increase  of  700  during 
the  year.     Data  go  to  78  national    and  some   950  international    users  and  21 
direct   readout  stations.     GOES  DCS  reliability  has  been  in  excess  of  99 
percent  during  the  year.     The  Random  Reporting  Operating  Mode  was  opera- 
tionally tested   for  18  months,  with  the  U.S.   Army  Corps  of   Engineers   and 
the  Bureau  of  Reclamation  participating,  and  NOAA  was  expected  to  adopt 
this  mode  of  operation  within  the  next   few  months.     The  present  NOAA  ground 
system  is  expected  to  reach  saturation  sometime  during  calendar  year  1984, 
when  5,000  platforms  will   be  in  the  system.     NOAA  and  several    user  agencies 
are  examining  an  expansion  or  replacement  of  this  ground  system.     A  compre- 
hensive description  of  the  GOES  DCS  was  published   in  June  as  NOAA  Technical 
Memorandum  NESDIS  2. 

R  ad  i  of  ax.     NOAA  expanded   its  radiofax   service  to  more  areas  to  provide 
more  and  better  information  to  marine  interests.     A  new  service  designed  to 
provide  all  marine  interests  operating   in  the  Gulf  of  Mexico  with  weather 
and  oceanographic  data  began  on  January   1,   1983.     Facsimile  charts  generated 
by   NOAA's  Ocean  Service  Unit  in  Slidell,   Louisiana,  are  transmitted  via  phone 
line  to  Mobile  Marine  Radio,    Inc.    (WL0)   in  Mobile,   Alabama,   for  broadcast 
to  mariners.     Oil    interests,   fishermen,  commercial    shipping,  and  yachtsmen 
all   benefit  from  the  new  service. 


Dissemination  of   Satellite  Imagery.      In   1983  a  prototype  device,   the 
Satellite  imagery  Acquisition  via   lelephone  Terminal    (SIATT),  was  placed 
into  operation  at  the  Chattanooga,   Tennessee,  Weather  Service  Office  (WSO). 
With  the  device,   small  Weather  Service  Offices  with  weather  warning   respon- 
sibilities can,  for  the  cost  of  a   10-mi  nute  1  ong  distance  telephone  call, 
receive  high-resolution  GOES  satel  li  te  image  ry  in  near  real-time.     To  mini- 
mize communications  costs,  the  service  will  be  restricted  to  offices  in 

hurricane-prone  coastal    sites  and  high   risk,  severe-weather  or  flash-flood 
inland  sites. 

Satel  lite  Data  Base.     The  Satellite  Data  Services  Division  (SDSD)  of 
the  National    Climatic  Data  Center  manages  data  collected  by  environmental 
satellites  and  the  products  that  NOAA  prepares  from  the  data.     The  environ- 
mental   satellite  data  base  includes  complete  digi  tal   data  frcm  the  present 
generation  of  NOAA's  operational    polar-orbiting  and  geostationary  satellites, 
selected  sensors  aboard  NASA's  experimental    Seasat  and  Nimbus  7  satellites, 
and  Department  of  Defense,  Defense  Meteorological    Satel  li  te  Program   (DMSP) 
satellites,  as  well  as  a  limited  amount  of  digital   data  from  earlier  NOAA 
and  NASA  satellites.     The  volume  of  digital   data  is  equivalent  to  more  than 
150,000  computer  tapes  and  an  additional    16,000  videocassettes  of  geo- 
stationary satellite  data.     The  data  base  includes  10  mil  lion  film  images 
from  36  satellites,  dating  back  to  the  first  TIROS  satellite  launched  in 
1960.      Each  month  in  1983  the  equivalent  of  about  3,000  computer  tapes,   150 
videocassettes,  and  15,000  images  were  added. 


Satel  lite  Data  Uses 

Space  Shuttle  Support.     Weather  support  to  the  1983  Space  Shuttle 
flights  was  aided  by  the  timely  receipt  of  high-resolution  15-minute  inter- 
val   imagery  from  the  GOES  satellite.     The  NOAA  Spaceflight  Meteorology 
Group  at  the  NASA  Johnson  Space  Center,  Houston,  Texas,   used  the  data 
extensively  to  monitor  weather  conditions   for  preselected  recovery  sites  in 
the  continental    United  States.     The  weather  criteria  for  Shuttle  landings 
are  stringent,  and  the  high-resolution  imagery  provided  information  not 
available  from  other  sources. 

Airli  ne  Flight  007.     NOAA  provided  special    satellite  images  and  inter- 
pretations  to  the  Department  of  Defense  and  other  agencies  supporting  the 
investigation  of  the  crash  of  Korean  Airlines  Flight  007  in  the  Sea  of  Japan, 

El    Nino.     The  NOAA  7  AVHRR  has  been  a  vital    tool   for  monitoring  the 
1982-1983  El   Nino  warm  current  in  the  Pacific  Ocean.     Developing  somewhat 
atypical  ly  from  past  El   Ninos   (such  as  in  1956,  1968,  1972),  this  El   Nino 
began  during  the  summer  of   1982,  nearly  six  months  out  of  phase.      It  also 
developed  in  the  mid-tropical    Pacific  rather  than  along  the  South  American 
coast.     By  late  1982,  it  spread  eastward  to  the  South  American  coastline  in 
a  fashion  and  severity  not  seen  in  the  modern  record.     As  warming  developed 
in  the  mid-Pacific,  west  of  the  date-line,  the  satellite's  measurement  of 
sea  surface  temperature  augmented  the  few  ship  reports  of  that  temperature 


to  provide  an  excellent  record  of  the  El  Nino  event.  This  El  Nino  produced 
positive  temperature  anomalies  of  6°  to  9°C  off  the  Peru  and  Ecuador  coasts 
during  its  peak  (January,  February,  March,  and  April  1983).  By  simmer 
1983,  the  warm  current  seemed  to  be  easing  its  grip  on  the  eastern  tropical 
Pacific.  Although  evidence  was  reduced  in  the  El  Nino  episode,  surface 
development  and  evolution  of  the  warm  water  were  better  portrayed  than  they 
had  been  previously. 

Food  Shortage  Alerts.     NOAA  developed  and  began  testing  a  system  that 
uses  AVHRR  data  to  improve  existing  operational   alerts  of  drought-related 
food  shortages  for  the  Office  of  Foreign  Disaster  Assistance  of  the  Agency 
for  International    Development  (AID).     The  system  monitors  crop  conditions 
using  time-series  index  displays  and  a  new  color  coordinate  system  for  ima- 
ges to  enhance  the  existing  system,  which  uses  surface  reports  and 
satellite  rainfall  estimates  to  monitor  the  potential    for  drought  in  72 
tropical    countries. 

Global   Mapped  Vegetation  Index.     NOAA  has  been  funded  by  the  AgRISTARS 
project  to  produce  a  global   mapped  vegetation  index.     AgRISTARS 
(Agriculture  and  Resources  Inventory  Surveys  through  Aerospace 
Remote  Sensing)   is  a  joint  program  of  NASA,   NOAA,  and  the  Department  of 
Agriculture  to  evaluate  the  use  of  satellite  data  in  providing  crop  estima- 
tes.    The  index  depicts  the  extent  and   "greeness"  of  vegetation  worldwide. 
Global   AVHRR  data  are  collected  daily,  and  a  vegetation  index  is  computed 

and  mapped  to  a  polar  stereographic  projection.     A  weekly  composite  vegeta- 
tion index  is  produced  from  the  daily  data. 

Polar,  stereographic,  and  mapped  vegetation  index  products  are  pro- 
vided in  tape  and  image  form  to  AgRISTARS  for  evaluation.      In  addition, 
other  groups  have  expressed   interest  in  the  product,  especially  the  United 
Nations   Food  and  Agriculture  Organization,  and  copies  are  available  to  any 
interested  party.     Production  began  in  April    1982  and  will  continue  at 
least  through  September  1984. 

Fruit  Frost.     The  Kansas  City  Satellite  Service  Unit  began  an  opera- 
tional   fruit  frost  program  for  the  lower  Rio  Grande  Valley  in  November. 
The  four-county  area  in  south  Texas  produces  15  percent  of  the  cash  crops 
for  the  state.     Alphanumeric  printouts  of  eight  kilometers  of  GOES-East 
infrared  data  at  0.5°C  thermal    resolution  are  telecopied  instantaneously  to 
Brownsville.     A  program  also  provides  the  U.S.   Department  of  Agriculture 
office  in  Weslaco,  Texas,  digital   data  tapes  from  NOAA  polar  orbiting  and 
GOES-East  satellites.     Tapes  provided  by  the  National    Climatic  Data 
Center's  Satellite  Data  Services  Division  will  be  used  for  post-freeze 
harvesting  analysis. 

Fisheries.     NOAA  continues  to  use  the  ATS  3  and  Argos  satellite  com- 
munication systems  to  relay  biological    and  environmental   data  from  NOAA  and 
state  research   vessels  to  shore  stations   for  distribution  to  users.     The 
data  are  a  vital    part  of  the  Southeast  Area  Marine  Assessment  Program 
(SEAMAP),  a  cooperative  state-federal    program  to  improve  the  quantity, 
quality,  and  timeliness  of  fisheries  data  in  the  Gulf  of  Mexico.     The 


satellite  communications  link  permits  state  and  federal    fishery  management 
organizations  and  fishing   fleet  operators  to  receive  data  from  the  research 
vessels  within  one  day  of  collection. 

As  part  of  SEAMAP,  NOAA  developed  a  technique  to  use  data  fran  the 
Coastal -Zone  Color  Scanner  (CZCS)  flown  on  the  NASA  Nimbus-6  satellite  to 
chart  hypoxic  waters   in  the  northern  Gulf  of  Mexico.     RypoxTc  waters  have 
very  low  concentrations  of  dissolved  oxygen  near  the  bottom  and  apparently 
form  in  response  to  phytoplankton  blooms  coupled  with  strong  thermal    stra- 
tification.    The  location  of  hypoxic  waters   is  of  concern  to  fishermen 
because  these  waters  are  almost  devoid  of  finfish  and  shrimp.     NOAA,   NASA 
and  the  Scripps  Institution  of  Oceanography  began  providing  nearly  instan- 
taneous CZCS  data  to  NOAA  for  hypoxic  water  charts.     NOAA  also  began  deve- 
loping  instruments  to  measure  dissolved  oxygen  in  bottom  water. 

In  cooperation  with  the  University  of  Rhode  Island,   NOAA  developed 
charts  using  NOAA- 7  AVHRR  data  to  depict  thermal    conditions  on  the  con- 
tinental   shelf  off  the  East  Coast  of  the  United  States.     The  charts  can 
guide  fishermen  to  temperature  fronts  where  surface  and  mid-water  fish 
species  tend  to  congregate.     NOAA  also  continued  the  Coastal   Habitat 
Assessment  Research  and  Mensuration  Program   (CHARM),  using  Landsat 
Mult i spectral    Scanner  data  to  quantify  changes  in  productivity,  bicmass, 
and  areas  of  principal   coastal -zone  vegetation  from  North  Carolina  to 
Maine.     A  report  on  the  classification  of  MSS  imagery  for  the  base  year 
(1978-79)   is  available  on  request.     A  trial    run  to  produce  tables  of 
statistics  by  state,  county,  and  water  catalogue  unit  proved  successful. 
Tables  for  the  entire  area  will  be  developed. 

The  development  and  improvement  of  techniques  for  visualizing  and 
analyzing   remotely  sensed  data  continue.     Techniques  for  clustering  AVHRR 
and  CZCS  data  proved  useful    in  identifying  ecologically  coherent  areas. 
Products  illustrating  these  areas  in  the  Gulf  of  Maine-Georges  Bank   region 
were  included  in  the  Ecology  Annex  of  the  U.S.   Counter  Memorial    on  the 
Maritime  Boundary  Delimitation  (Canada-United  States  of  America),  now  in 
the  International    Court  of  Justice. 

NOAA,  the  Scripps  Institution  of  Oceanography,  and  Jet  Propulsion 
Laboratory  developed  a  cooperative  program  to  distribute  experimental    sea- 
surface  color  charts  to  albacore  tuna  fishermen,  directing  fishermen  to 
ocean  color  boundaries  where  tuna  tend  to  aggregate. 

Hurricanes.     GOES  satellite  data  were  the  key  factor  in  NOAA's  warning 
services  for  Hurricane  IWA's  strike  on  the  Hawaiian  Islands  in  November 
1982.     Half-hourly  picture  interpretation  at  the  Honolulu   Satellite  Service 
Unit  was  the  only  information  available  for  following  the  storm  and  was  the 
basis  for  the  hurricane  warnings  that  helped  keep  the  death  toll  to  one, 
although  damage  in  the  heavily  settled  coastal    areas  totaled  $234  mil  lion. 

GOES  pictures  were  even  more  important  in  monitoring  the  unprecedented 
succession  of  tropical   cyclones  in  the  Pacific  Ocean  south  of  the  Equator. 
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The  Honolulu   station  followed  a  dozen  storms   during   the  Southern  Hemisphere 
summer  (November  to  May),   issuing   position  and   intensity  bulletins   to  all 
affected  weather  centers   in  the  South  Pacific.     Five  of  the  storms  were  in 
the  eastern  area  around  Tahiti  and  the  Society   Islands,  where  a  hurricane 
strike  is  considered  a  once-in-50-year  event.     Lives  were  lost  and  damage 
was  much  greater  than  in  any  previous  tropical    storm  season.     Satellite 
pictures  provided  the  only  information  on  the  location  of  each  storm,  how 
intense  it  was,  where  and  how  fast  it  was  moving,  and  whether  it  was 
recurving,  strengthening,  or  weakening.     Satellite  imagery  was  similarly 
used  by  the  Miami    SSL)  to  monitor  hurricanes   in  the  Atlantic  Ocean. 
Operational    support  was  provided  to  the  NWS's  National    Hurricane  Center. 

Snowmelt.     The  National    Environmental    Satellite,  Data,   and   Information 

Service  (NESDIS)  participated   in  the  interagency  "Snow  Watch   '83,"  moni- 
toring the  unusually  heavy  snowpack   (150-300  percent  of  normal)   in  the 
Rocky  Mountains  and  Sierra  Nevada  mountains.      The  runoff  from  melting   snow 
flooded  Salt  Lake  City  and  Colorado  River  Basin  in  the  spring  of   1983.     The 
Satellite  Service  Units  in  San  Francisco  and  Kansas  City  produced  snow 
cover  charts  routinely  for  some  30  river  drainage  basins   in  the  western 
United  States,  as  often  as  once  a  day  during   rapid  snowmelt,   based  on  GOES 
and  polar  orbiter  data.     These  charts  were  available  to  the  Soil 
Conservation  Service,  Army  Corps  of  Engineers,   U.S.    Forest  Service, 
National    Weather  Servic,  Department  of   Energy,  U.S.   Geological    Survey,  and 
state  water  resource  agencies  for  predicting   runoff.     The  San  Francisco 
station  also  provided  daily  polar-orbi  ter  imagery  of  selected  portions  of 
the  Rocky  Mountains  on  special    request  to  the  Weather  Service. 

On  June  2,  a  press  conference  publicized  the  danger  of  flooding  and 
demonstrated  techniques  used  to  monitor  the  snowpack.      Examples  of  Landsat, 
polar-orbi  ter,  and  GOES  imagery  showed  the  heavy  snowpack   in  various  areas, 
as  well   as  images  from  a  normal   year  for  comparison.      Images  were  used  in 
national    and  local    news  broadcasts,  newspapers,  and  magazines.     A  video- 
tape from  GOES-East  satellite  imagery  for  the  Colorado  Rockies  April    6 
through  July  5  clearly  defines  the  snowmelt  pattern  that  resulted  in  record 
flooding  on  the  Colorado  River. 

Rainfal  1 .     NOAA  continued  to  use  GOES  images  to  provide  rainfall 
estimates   for  thunderstorms.     The  estimates  supplemented  rain-gauge  obser- 
vations and   radar  estimates  during  flash  flood  conditions.     An  improvement, 
the  Interactive  Flash-Flood  Analyzer  (IFFA),  was  made  operational    in  July 
1983,   improving  the  timeliness  and  accuracy  of  the  satellite  estimates. 
These  estimates  are  transmitted  as  events  occur  to  the  National    Weather 
Service  Forecast  Offices  responsible  for  flash  flood  watches  and  warnings. 
The  IFFA  replaces  the  manual    technique  of  the  past  5  years.      Its  speed 
of  operation,  coupled  with  rapid  communications,  combine  to  give  field 
forecasters  estimates  of  rainfall   extracted   frcm  imagery  before  they 
receive  the  copy  of  the  image  in  their  office. 

During  the  spring   river  breakups  in  Alaska,  a  large  ice  jam  was 
observed  on  the  Yukon  River  at  the  town  of  Circle.      Satellite  images 
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(Upper  Left.)  The  sensor  systems  on  the  NOAA-8  satellite 
include:  TIROS  Operational    Vertical    Sounder  (TOVS), 
Advanced  Very  High  Resolution  Radiometer  (AVHRR),  Space 
Environment  Monitor  (SEM),  ARGOS  Data  Collection  and  Plat- 
form  Location  System   (DCS),  and  Search  and  Rescue  System 
(SAR).     In  addition,  direct  service  to  users  is  provided 
via:  High  Resolution  Picture  Transmission  (HRPT), 
Automatic  Picture  Transmission  (APT),  and  Direct  Sounder 
Broadcast  (DSB).     (Lower  Left.)  Ground  stations  receiving 
S&R  data:   U.S.    Coast  Guard:   Kodi  ak ,  Ak.  :  U.S.   Coast  Guard 
Point  Reyes,  Ca.;  Canada:  Ottawa,  Ontario;  U.S.   Air  Force 
Scott  AFB,    111.;  France:  Toulouse;  USSR:  Arkhangelsk, 
Moscow,  and  Vladivostock.      (Right.)   NOAA  is  asking  pilots 
to  disconnect  their  Emergency  Locator  Transmitters   (ELT) 
after  a  safe  landing  to  reduce  the  high  number  of  false 
alarms. 
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permitted   the  River  Forecast  Office  to  alert  the  town   of   pending   flooding, 
and  no  lives  were  lost.      Usually  river  ice  breakup  is  monitored  by  aircraft, 
which   is  costly;   in  this  situation,   the  need   for  aerial    reconnaissance  time 
was  mi  nimized . 

During   1983,  work   continued  on  categorizing   and  understanding  the 
meteorology  of   subtle  signatures  of   heavy   rainfall    in  the  satellite  ima- 
gery.     Work   also   continued  on  verifying   an  algorithm  developed  to  predict 
convective  precipitation  by  tracking  cloudtops  in  the  GOES  images;  this 
algorithm   includes  a   fully  automated   precipitation-estimating  technique. 
In  addition,  extratropical    and  tropical    cyclone  rainfall   estimating  tech- 
niques were  developed  and  used  operationally.     The  extratropical    clyclone 
technique  provided  the  National    Weather  Service  estimates  of  rainfall  and 
snowfall    from  winter  storms.      The  tropical    cyclone  technique  provided  the 
precipitation  estimates   (hourly  rates  and  accumulated  amounts). 

Forest  Fires.     Large  areas  of   fires   in  western  Brazfl  ,  most  likely 
associated  with  slash  and  burn  agriculture  and  deforestation,  were  detected 
in  visible   imagery   from   NOAA  polar-orbiting   satellites.      The  main  line  of 
fires  was   570  km  long   and  the  smoke  area  covered   some   800,000  sq  km. 

Animated  GOES  images  identify  wind  circulation  patterns  over  moun- 
tainous terrain  as  far  north  as  the  Arctic  Slope.     Thunderstorm  squall-line 
development  and  movement  can  be  observed,  and  the  accompanying  winds  hi  ft 
and  wind  gusts  can  be  predicted  within  1  to  2  hours  before  they  occur. 
The  fire-weather  programs   have  found  this  information  invaluable  in 
defining  thunderstorms  and  large  grass  and  forest  fires  in  Alaska. 

Volcanic  Eruptions.     NOAA  polar-orbiting  satellites  monitored  erup- 
tions   from  Galunggung  and  Una  Una  volcanoes.     The  height  of  the  plumes  was 
determined   from  thermal    data.     Both  eruptions  clogged  and  stalled  passenger 
aircraft  engines  although  the  aircraft  managed  to  restart  their  engines  and 
land  safely.     As  a  result  of  these  near-disasters,  the  Federal   Aviation 
Administration  formed  an  informal   working  group  on  volcanic  hazards  to 
aviation.      Early  discussions   indicate  the  need  for  an  operational    volcanic- 
hazards  warning   system  with  satellite  data  playing  a  major  role.     FAA  will 
request  NOAA  participation  in  establishing  the  warning  system. 

Ice  Imagery.     Satellite  imagery  can  locate  the  5°  isotherm  and 
pockets  of  colder  temperatures  in  Alaskan  waters,  critical   to  forecasting 
the  severity  of   icing.      In  Alaskan  waters   superstructure  icing   is  a  major 
problem  for  vessels  of  all   sizes.     Various  agencies  use  special    ice  imagery 
in  analysis  products,   forecasts,  outlooks,  and  special    operations  and 
rescue  efforts.     Oil    shippers  also  use  the  products  to  monitor  ice  con- 
ditions  for  shipping   and  drilling. 

Sea  Fog.      Improvements  in  the  accuracy  of  short-range  forecasts  of 
hazardous  seafog  and  information  on  dissipation  are  expected  as  a  result  of 
empirical    studies  relating  changes  in  sea  fog  to  changes  in  the  surface 
wind  flow  and  temperature  patterns  observed  from  GOES  satellites  and  NOAA  7. 
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Amazon  Effluent.     During  1983,  NESDIS  satellites  monitored  changes  in 
the  effluent  pattern  of  the  Amazon  River.     The  visible-band  images  noted 
the  transport  of  sediment  northward,  parallelling  the  coast,  and  confirmed 
earlier  studies  that  relied  solely  on  surface  observations. 


Other  Uses  of  Satellites 
International   Activities 


Economic  Summit.     The  9th  Economic  Summit  of  Industrialized  Nations 


took  place  at  Williamsburg,  Virginia,   in  May  1983.     NOAA  coordi  nated  U.S. 
preparation  for  discussions  of  expanding  cooperation  on  satellite  remote 
sensing  within  the  framework  of  the  Summit's  Working  Group  on  Technology, 
Growth  and  Employment.     Discussions  included  increased  international 
cooperation  in  meteorological    satellite  systems,  land-satellite  data 
products  and  archives,  ocean  satellite  systems,   remote-sensing  research 
sensors,  and  remote-sensing  training.     The  Williamsburg  Summit  endorsed  the 
working  group  report  and  stressed  the  importance  of  further  cooperation. 

International    Satellite  Land-Surface  Climatology  Project.     About  30 
scientists,   including  3  from  NOAA,  participated  in  the  First  Workshop  to 
define  the  International    Satellite  Land-Surface  Climatology  Project 
(ISLSCP)  meeting  in  Boulder,  Colorado,  June  27-July  1,  1983.     Initial 
funding  for  the  workshop  came  from  the  United  Nations  Environmental    Program 
(UNEP),   in  connection  with  its  responsibility  for  the  World  Climate  Impact 
Program,  but  the  World  Meteorological   Organization,   International 
Association  of  Meteorology  and  Atmospheric  Physics,  and  Committee  on  Space 
Research   (COSPAR)  of  the  International   Council   of  Scientific  Unions  are 
also  interested   in  the  project  in  connection  with  the  WMO/ICSU  World 
Climate  Research  Program.     The  project  will   provide  satellite  data  for 
monitoring  changes  on  the  land  surface  resulting  fran  climatic  variability 
or  the  actions  of  man,  and  for  improving  climate  models. 

Landsat  Data  Distribution.     Negotiations  with  foreign  countries  for 
direct  reception  and  distribution  of  Landsat  data  continued,  and  six 
memoranda  of  understanding  have  been  signed.     Concluded  agreements  are  with 
Australia,  Brazil  ,  Canada,   European  Space  Agency,  Japan,  and  South  Africa. 
In  addition,  NOAA  is  currently  negotiating  agreements  with  Argentina, 
Bangladesh,  the  People's  Republic  of  China,   Ecuador,   India,   Indonesia, 
Pakistan,  Saudi  a  Arabia,  and  Thailand.     The  first  NOAA-chaired  meeting  of 
the  Landsat  Ground  Station  Operations  Working  Group  (LGSOWG)  was  held  in 
Washington,  D.C.,  in  November  1983. 

International    Satellite  Cloud  Climatology  Project.     ISCCP  is  the  first 
project  of  the  World  Climate  Research  Program,  jointly  sponsored  by  the 
World  Meteorological    Organization  and  the  International   Council   of 
Scientific  Unions,  with  U.S.   participation  coordinated  by  the  NOAA  National 
Climate  Program  Office.     Satellites  of  various  nations,   including  NOAA's 
satellites,  will  gather  visible  and  infrared  radiance  data  for  5  years.     The 
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data  will   be  reduced  and  merged  to  produce  a  calibrated,  global    radiance  and 
cloud  data  set  for  the  international    scientific  community.     Data  collection 
began  July  1,  1983.     When  completed,  the  cloud  climatology  will   increase 
understanding  of  climate  systems  and  improve  climate  forecasting.     NOAA  also 
will   provide  the  central    archive. 

Sate!  li  te  Soundi  ngs.     Satellite  soundings   in  combination  with  conven- 
tional    data,  used  by  the  operational    numerical   weather  prediction  model   of 
the  Israel   Meterological    Service,   reduced  48-hour  forecast  errors  by   5  to 
30  percent.     Results  varied  and  appeared  to  depend  upon  the  synoptic 
situation,  which  may  or  may  not  be  favorable  for  the  effective  ingestion  of 
large  quantities  of  new  data.     The  largest  and  most  consistent  reduction  in 
forecast  error  was  over  ocean  regions  where  the  satellite  data  were  intro- 
duced.    The  use  of  satellite  soundings  without  any  conventional    radiosonde 
data  produced  surprisingly  good  results,   as  good  as  and  sometimes  sur- 
passing  results  from  conventional    radiosonde  data. 

Microwave  Sounding.     The  British  Meteorological    Service  plans  to  pro- 
vide To~lIT5AiroTe~lfio^dTJTe  of  the  advanced  microwave  sounding  unit  (AMSU)  for 
the  1990  "NOAA-Next"   polar-orbiting  satellites.     The  British  AMSU-B  units, 
to  be  built   in  the  United  Kingdom  at  an  estimated  cost  of  $10  mil  lion  to 
$12  mil  lion,  will   be  provided  free  of  charge  to  NOAA,  continuing  a  history 
of  NOAA-U.K.  cooperation  in  meteorological    sensors.     A  U.  K.  -provided 
stratospheric  sounding  unit  is  now  flown   on  NOAA-series  polar  orbiting 
spacecraft.     AMSU-B  will   sense  radiance  values  for  calculating  a  vertical 
profile  of  atmospheric  water  vapor. 

Argos.     The  Argos  Data  Collection  and  Location  System  provided  by 
France  operates  on  present  NOAA  polar-orbiting  satellites.     More  than  400 
instrumented  platforms   (82  percent  requiring   location  data)  were  operated 
by  organizations   from  17  countries  at  the  end  of  1983.     Amendments  to  the 
Argos  agreement- -under  which  the  French  National    Center  for  Space  Studies 
(CNES),   NOAA,  and  NASA  cooperate  in  satellite  data  collection—were  agreed 
on,   reflecting   interest  in  continuing  the  program.     Eleven  countries, 
including  the  United  States,  concluded  a  joint  tariff  agreement  for  the  use 
of  the  Argos  system  in  1983.     The  agreement  allows  a  substantial    reduction 
in  the  cost  to  signatory  countries  in  exchange  for  a  guaranteed  level   of 
use.     The  telephone  concentrator  at  Suitland,  Maryland  (which  gives  users 
direct  access  to  their  disc  files  in  Toulouse,   France,  without  making  a 
transatlantic  telephone  call),  was  being  used  by  40  platform  operators  at 
the  end  of  the  year.     The  French  Coordination  Center  placed  a  full-time 
representative  at  Suitland  to  provide  timely  technical    support  to  North 
American  users. 


Training 

International .      In  1983,  NESDIS  provided  long-term  training  oppor- 
tunities at  its  facilities  to  13  trainees  from  five  countries.     Training 
specialties   included  application  and  interpretation  of  meteorological 
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satellite  data  and  sea  surface  temperature  data,  meteorological    satellite 
data  processing  operations,  crop  modeling,  solar  radiation  studies, 
statistics  of  climate  data,  management  of  marine  geological   and  geophysical 
data,  agroclimatic  impact  assessments,  and  quality  control   of  meteorologi- 
cal   data.      In  addition,  in  cooperation  with  the  World  Meteorological 
Organization,  NESDIS  experts  participated   in  international   workshops, 
training   sessions,  and  roving  seminars  concerning  operational    uses  of 
meteorological    satellite  data,  hydorlogical    forecasting,  interpretation  of 
satellite  data  for  tropical    cyclone  analyses,  and  very -short  range  fore- 
casting.    As  a  result,   over  130  participants  from  forty  countries  were 
trained. 

Domestic.      In  addition  to  the  international    training  provided  by 
NESDIS,  the  Satellite  Applications  Laboratory   (SAL)  of  the  Office  of 
Research  and  Applications  provided  training   in  the  application  of  meteoro- 
logical   satellite  data  to  personnel    of  the  Department  of  Defense  and  the 
National    Weather  Service  Forecast  Offices.      SAL  also  participated   in 
training  on  Flash  Flood  Forecasting  and  Precipitation  Estimation  provided 
by  the  National    Weather  Service  Training  Center  in  Kansas  City,  Missouri. 
During   1983,   SAL  conducted  or  participated  in  23  sessions  with  a  total 
participation  of  637  attendees. 


Space  and  Atmospheric  Research 


Meteorology 


Mesoscale  and  Severe  Storms.     In  support  of  NOAA  research,  the 
University  of  Chicago  continues  its  investigation  of  the  behavior,   identi- 
fication and  dynamics  of   severe  thunderstorms,   particularly  those  producing 
tornadoes  and  destructive  downbursts.     One  study  determined  that  the  crash 
of  PanAm  flight  759  in  New  Orleans  on  July  9,   1982,  was  due  to  a  micro- 
burst,  a   small   but   intense  downdraft  of  air.     The  FAA  concurred   in  this 
conclusion.     A  microburst  can  generate  a  powerful    radial   outflow  of  air  at 
or  near  the  surface,  causing  aircraft  passing  through   it  to  experience 
sudden  winds  that  dangerously  alter  lift  or  flying  ability.     Many  storm 
systems  are  identified   in  satellite  and  radar  imagery  as  potential    hazards, 
but  many  are  indistinguishable  by  virtue  of  small   size  and  shallow  vertical 
development.     For  the  air  traffic  problem,  the  university  investigator 
recommends  a  test  study  to  determine  the  ability  of  Doppler  radar  to  detect 
and  give   sufficient  warning  of  microbursts  in  or  near  air  terminals. 

Improved   Forecasts.      NOAA's  Program  for  Regional    Observing  and 
Forecasting  Services   (PROFS)  is  developing  and  testing  techniques  to  combine 
data  from  satellite,   radar,  a  surface  meteorological    network,  and  ground- 
based  soundings  to  produce  improved,  short-term   (0  to  12  hour),  local-scale 
forecasts.      Initial    applications  emphasize  warnings  of  severe  storms  and 
flash  fl  oods. 
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NOAA's  weather  research  program  used  its  satellite  rain-estimating 
technique  for  the  summer  1983  PROFS  experiment.  The  unique  capability  is  a 
first  step  toward  testing  and  ultimately  using  satellite  rain  estimates  for 
regional  forecasting.  Rain  estimates  for  tropical  storms  and  hurricanes  in 
the  Atlantic  Ocean  were  made  from  the  PROFS  data  base  during  this  year's 
hurricane  season  to  support  the  pilot  project  of  a  joint  NOAA-NASA  aircraft 
program. 

Wind  Sensing.     Under  contract  to  NOAA's  Wave  Propagation  Laboratory, 
RCA  Astro-Electronics   showed  that  it  is  feasible  to  carry  an  infrared 
Doppler  lidar  for  global   wind  sensing   on  an  Advanced  TIROS-N  spacecraft. 
This  Windsat  Free-Flyer  would  be  able  to  measure  wind  at  10  to  15  levels   in 

the  atmosphere  at  an  accuracy  within  a  few  meters   per  second.     A  lifetime 
of  2  years   is  forecast  for  the  prospective  satellite,  according  to 
achievable  laser  technology. 

Radi  ation  Budget.     A  complete  and  extensive  set  of  satellite  obser- 
vations  was  designed  to  measure  the  planetary  radiation  budget.     Both  wide 
f  ield-of-vi  ew  and  narrow  f  iel  d-of-view  Nimbus-7  data  were  processed  and 
analyzed   for  November  1978  through  October  1979.      Comparisons  between  the 
two  fields   show  excellent  agreement  in  their  spatial    and  temporal    variability, 
Also  developed  for  the  Nimbus-7  Earth  Radiation  Budget  Experiment  (ERBE) 
were  angular  reflection  and  emission  models   and  models  depicting  the  depen- 
dency of  albedo  on  solar  zenith  angle.     The  models  also  will  be  used  to 
estimate  radiation  budget  parameters   obtained   frcm  the  AVHRR  aboard  NOAA 
operational    spacecraft. 

Processing   of   AVHRR  data  frcm  the  TIROS-N  satellites  continued,  with 
almost  9  years  of  data--about  4  years  from  pre-Tiros-N  satellites  and 
almost  5  from  the  Tiros-N  series.     The  estimates  of  emitted  flux   indicate 
that  despite  different  Equator-crossing  times  the  daily  average  values  are 
reasonably  consistent,   permitting  construction  of  a  climatic  data  base  for 
diagnosing  year-to-year  anomalies. 

Cloud   Studies.     An   improved  algorithm  was  developed  for  estimating 
low,  middle,  and  high  cloud   from  Nimbus-7  observations.      The  new  approach 
supplements  the  11-   and  6. 7 -micrometer  data  from  the  Temperature-Humidity 
Infrared  Radiometer  (THIR)  with  concurrent  surface  temperature  and  with 
reflectance  measurements  from  the  Total -Ozone-Mapping   Spectrometer  (TOMS). 
This  additional    information  improves  definition  of  the  cloud  or  no-cloud 
thresholds,  greatly  improving  estimates  of  cloud  cover.     A  four-year  cloud 
data  set   from  April    1979  through   March   1983  will   be  produced. 

Solar  Activi  ty 

Sun   Charts.     Observations  of  activity  on  the  sun  were  processed   into 
newly  developed  charts,  much  like  those  depicting  weather  patterns  over  the 
Earth's   surface.     Current  charts  serve  NOAA's  Space  Environment  Laboratory 
solar-terrestrial    prediction  service.     A  catalog  of  historical    charts  was 

19 


compiled  for  the  past  two  solar  cycles  (22  years).     These  better  defini- 
tions of  the  solar  surface  activity  were  used  to  establish  the  boundary 
conditions   for  magnetohydrodynamic   (MHD)  computer  models  of  the  propagation 
of  the  effects  of   solar  disturbance  through   the  interplanetary  medium  to 
the  Earth.     Development  and  testing  of  full   three-dimensional   models  began, 
and  predictions  of  geophysical   disturbances  obtained  fran  extended  two- 
dimensional   models  are  being  tested  against  observations. 

Geomagnetic  Field.     An  innovative  mathematical    technique  was  developed 
to  analyze  observations  of  the  geomagnetic  field  by  a  North  American 
Network   of  magnetometers.     The  technique  promises  to  enhance  the  ability  to 
infer  the  characteristics  of  ionospheric  currents  and  of  their  responses  to 
solar-induced,   interplanetary  di  sturbances  that  cause  geomagnetic  storms. 

Sun   Energy.     A  statistical   model   of  the  total    power  delivered  to  the 
polar  atmosphere  was  developed  through  the  analysis  of  energetic  particle 
detector  data  from  TIROS-N  in  1978  through  the  current  NOAA-7  and  8 
spacecraft.     Data  from  each  satellite  pass  over  the  po  lar  regi  ons  were  used 
to  infer  the  immediate  global   energy  contribution  from  this  source  of 
importance  to  the  electrical    properties  and  the  meteorology  of  the 
ionosphere  and  upper  atmosphere. 
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